Introduction
Nitrogen-containing and fused heterocyclic compounds have attracted considerable attention in directed and targeted organic synthesis and many products have been used in materials and medicinal chemistry programs. With a view to increasing molecular diversity, our aim was to design rare tricyclic pyrido[1 0 ,2 0 :1,5]pyrazolo [3,4-d] pyrimidines (PPPy), which incorporate a tricyclic system and four nitrogen atoms, two of which are vicinal. This fused tricyclic heterocycle contains a pyrazolopyridine core which has been used in diverse biologically and pharmaceutical active molecules including diuretic 1 and antiherpetic drugs, 2 and as p38 kinase inhibitors 3 and melatonine receptor ligands. 4 It also contains a pyrimidine natural moiety, which is known to possess a potential role in several biological processes and to have emerged as a signi-cant motif in drug-discovery programs.
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In order to build such a multi-heterocyclic compound, our group recently focused on developing new functionalization protocols 6 to explore the chemical space, an indispensable key to design future useful molecules.
In order to build C-2 and C-4 disubstituted PPPy derivatives, we developed a straightforward strategy which included successive C-4 in situ C-O activation and a C-2 desulfurization through Liebeskind-Srogl cross-coupling reactions. 7 To provide a versatile platform we then sought to design a new exible route to access 2,4,6-trisubstituted PPPy's I from a unique intermediate i.e. the 6-chloro-2-(methylthio)pyrido [1 0 ,2 0 :1,5] pyrazolo [3,4-d] pyrimidin-4(3H)-one 8.
We report herein the preparation of 8 and its regioselective functionalization by different types of palladium catalyzed reactions. Aer optimization of the reaction conditions, this strategy was achieved using three successive (het)arylations in the following order C-6, C-4 and then C-2 positions (Fig. 1) . The scope and limits are discussed for each step.
Results and discussion
Compound 8 was obtained via a 7-step sequence partially based on our previous work. 7, 8 Dimethyl 5-chloropyrazolo [1,5-a] pyridine-2,3-dicarboxylate 2 was obtained aer a [3 + 2] cycloaddition between the 1-amino-4-chloropyridinium iodide 1 (ref. 9 and 10) with dimethyl acetylenedicarboxylate (DMAD). A regioselective saponication furnished the hemiester 3, which was subjected to an isocyanate generation under Curtius rearrangement. The unstable isocyanate function was quenched with tert-butanol to afford the Boc protected (het)aryl amine 4. Aer removal of the carbamate and benzoylisothiocyanate condensation, the thiourea 6 was subjected to annelation and nally a regioselective sulfur methylation led to 8 in satisfying yields (Scheme 1). This methodology proved to be highly efficient and amenable to multigram scale to access the unique and challenging tricyclic structure in sufficient amounts to pursue the optimization of the (het)arylation process.
Suzuki-Miyaura arylation in C-6
The functionalization of the C-4 position of compound 8 was rst attempted via a C-O direct activation involving PyBrOP 11 to generate the required in situ generated O-phosphonium leaving group (Scheme 2). However, this route proved to be unsuitable since only the disubstituted product 9 was isolated in 45% yield with no trace of the mono C-4-arylated molecule. This result seems to indicate that the 6-Cl atom is as reactive as the activated 4-O atom under palladium catalyzed conditions.
In an attempt to selectively substitute one of the two positions (C-6 or C-4), we began by the regioselective functionalization of the C-6 position. Using several experimental coupling Suzuki-Miyaura conditions exploited in our previous research,
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this rst test did not allow the formation of the C-C bond, as only the starting material 8 was recovered (Table 1 , entry 1). The same behavior was observed using the conditions reported in Scheme 2, as if pyrimidinone exerted a negative impact on C-6 reactivity in basic and aqueous media.
To circumvent this problem, we switched the palladium source and tested the catalytic system XantPhos/Pd(OAc) 2 .
13 The reaction was carried out in dioxane under microwave irradiation at 150 C using potassium carbonate as a base. To our delight these conditions provided the desired product 10 in 63% yield (Table 1, entry 3) . Next, the generalization of this approach was examined (Table 2) . Results were found to be satisfactory as the majority of the boronic substrates employed provided the coupling products. Electron rich or deactivated aryl as well as naphthyl residues were introduced with good yields ranging from 56 to 73%. In all cases a full conversion of starting material and formation of a unique product were observed. The decrease in yield was mainly due to difficulties encountered during puri-cation steps.
(Het)arylations under direct C-O activation in C-4
Aer having regioselectively introduced the C-6 aryl group, the direct C-4 arylation via PyBrOP amid activation was undertaken, applying the operating conditions previously established for the synthesis of 9.
7 The reaction sequence involved rst the activation of the C-O bond using Et 3 N to favor the formation of the oxanion which was in situ quenched by PyBrOP (1.2 eq.) activating agent. The second step, which required the addition of boronic acid and PdCl 2 (dppf)$CH 2 Cl 2 as catalyst, was successfully achieved under thermal conditions. Initially, we carried out our investigations on 10, 11 and 13 (Table 3) , which carry an electro-donor aryl group in C-6. The coupling reactions were achieved with representative boronic acids. Aryl and thiophenyl groups were easily introduced (entries 1, 4, 5, 7, 8, 9) . The decreases in yield of puried product are mainly due to the purication step. Some difficulties occurred with the deactivated uorophenyl and pyridinyl groups (entries 2, 6). The reactions appear incomplete and the corresponding starting materials were recovered. All modications of the experimental conditions were inefficient. In the pyridinyl series, the introduction of a strong electrodonor OMe group restored the reactivity (entry 3).
While all reactions were inefficient starting from 15 (entry 11), we were able to introduce the 4-cyanophenyl group on 14 (entry 10) and derivative 25 was formed with an average yield of 40% whereas 21% of starting material still remained Scheme 1 Synthetic route for 8: (a) DMAD (1.5 eq.), K 2 CO 3 (1.4 eq.), DMF, r.t., 12 h, 86%; (b) NaOH (2N) (1.0 eq.), CH 3 OH, r.t., 6 h, 81%; (c) (i) Et 3 N (1.3 eq.), ClCO 2 Et (1.5 eq.), THF, À10 C, 1.5 h, (ii) NaN 3 (1.7 eq.), À10 C, 1.5 h, (iii) t-butanol, 6 h, 67%; (d) TFA/CH 2 Cl 2 (1/1), 4 h, r.t., quant.; (e) benzoylisothiocyanate (1.2 eq.), CHCl 3 , 12 h, r.t., 84%; (f) EtONa (1.1 eq.), EtOH, 8 h, reflux, 97%; (g) MeI (1.0 eq.), NaOH (1.0 eq.), EtOH, 6 h, r.t., 80%.
Scheme 2 Phosphonium-mediated Suzuki type cross coupling reaction from 8.
unchanged aer 24 h. In order to improve the overall conversion, a longer reaction time (72 h), was used but degradation occurred.
Based on the results obtained, we can conclude that the electronic properties of the C-6 aryl moieties strongly affect the reactivity of the C-4 position. The best conversions were always obtained with the simultaneous presence of electron donor substituents (mesomeric or inductive effect) on the C-6 position as well as on the boronic acid used.
(Het)arylations under Liebeskind-Srogl in C-2
We next applied the third Liebeskind-Srogl 14 method to the 4,6-bis(het)arylated derivatives in an attempt to furnish original 2,4,6-trisubstituted compounds. The reactivity of the three thioethers 18, 19, and 22 was explored in the presence of boronic acids, using an (het)arylboronic acid in the presence of Pd(PPh 3 ) 4 and copper(I) thiophene-2-carboxylate (CuTC) in THF at 100 C under microwave irradiation.
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To our great satisfaction, the rst test using 4-methoxyphenyl boronic acid as coupling partner gave 26 in a good 70% yield (Table 4) . By changing both starting precursors (19 and 22) and the coupling partners, the tri-substituted tricycles 27 and 28 were readily isolated with 78% and 61% yields respectively ( Table 4 ). The efficiency of this last reaction in C-2 seems insensitive to the nature of the 4,6-bis(het)arylated derivatives and boronic acids used.
Conclusions
In summary, we have described in this work several synthetic pathways for the preparation of a new pyrido dines. First, the C-6 chlorine atom was substituted using a Suzuki-Miyaura cross coupling reaction. The resulting C-6-arylated products were engaged in a direct C-O activation from an amide function with PyBroP activation followed by a palladium catalyzed reaction to produce a series of C-4,6 bis-(het)arylated compounds. We proved that electron criteria governed the reactivity and efficiency. Finally, the 2-SMe residual function reacted under Liebeskind-Srogl conditions to afford the desired tri-substituted derivatives. The efficiency of the global sequence involving three successive and unprecedented cross coupling reactions will certainly prove useful to others in the future to develop poly functionalized heterocyclic PPPy series.
Experimental
Reactions were monitored by thin-layer chromatography (TLC) analysis using silica gel (60 F254 MHz). Chemical shis are given in parts per million from tetramethylsilane (TMS) as internal standard. Coupling constants (J) are reported in hertz (Hz) . High-resolution mass spectra (HRMS) were performed on a Maxis Bruker 4G.
Characterization data
1-Amino-4-chloro-pyridinium iodide 1:. 9 In a 50 mL round bottom ask, 4-chloropyridine hydrochloride (3.48 g, 23.2 mmol, 1.0 eq.) was placed in water (10 mL). The solution was cooled at 0-5 C under stirring, then sodium bicarbonate (4.48 g, 46.4 mmol, 2.0 eq.) was added carefully over 10 min. Aer 30 min, the mixture was extracted with CH 2 Cl 2 (3 Â 10 mL), dried over Na 2 SO 4 , and ltered. The ltrate was placed in a 50 mL round bottom ask, and a solution of O-(mesitylenesulfonyl)hydroxylamine (MSH) 15 (5.0 g, 23.2 mmol, 1.0 eq.) in CH 2 Cl 2 (10 mL) was added (aer drying over Na 2 SO 4 ). The mixture was stirred overnight at room temperature under inert atmosphere and an aqueous HI solution was added (4 mL, 45%) and stirred for 30 min. The resulting solution was kept in a refrigerator to crystallize the desired compound 1 as orange crystals (2.12 g, 35% 
To a stirred solution of 1-amino-4-chloropyridin-1-ium iodide 1 (0.8 g, 3.11 mmol, 1.0 eq.) in DMF (10 mL) were added K 2 CO 3 (0.6 g, 4.36 mmol, 1.4 eq.) and dimethyl acetylenedicarboxylate (0.66 g, 4.6 mmol, 1.5 eq.). The mixture was stirred at room temperature for 18 h. The solvent was evaporated under reduced pressure, the residue was puried by ash chromatography (petroleum ether : EtOAc, 5 : 5) to give 2 as yellow crystals (523 mg [1,5-a] pyridine-2-carboxylic acid 3. To a mixture of 2 (0.5 g, 1.86 mmol, 1.0 eq.) in MeOH (60 mL) was added NaOH (2N) (2.1 mmol) in one portion. The solution was stirred at room temperature for 6 h, and then the solvent was removed. The residue was dissolved in H 2 O (100 mL) and the mixture was acidied to pH 1 using a 10% aqueous HCl solution. 
General procedure A for Suzuki-Miyaura cross coupling reaction
A solution of compound 8 (100 mg, 0.37 mmol, 1.0 eq.) in 1,4-dioxane (4 mL) was degassed by argon bubbling. Potassium carbonate (103 mg, 0.74 mmol, 2.0 eq.), boronic acid (1.1 eq.), xantphos (43 mg, 0.074 mmol, 0.2 eq.) and Pd(OAc) 2 (8.0 mg, 0.037 mmol, 0.1 eq.) were then added and the reaction mixture was heated to 150 C for 1 h under microwave irradiation. The crude material was concentrated under reduced pressure, and the residue was diluted in CH 2 Cl 2 (10 mL). The organic layers were washed with water (10 mL), dried over MgSO 4 , ltered and concentrated under reduced pressure. The crude residue was then puried by ash chromatography on silica to provide the desired compounds 10-15.
6. General procedure B for the palladium catalyzed direct cross-coupling reactions involving a PyBroP-mediated C-O activation A suitable compound 10-11, 13-15 and PyBroP (1.2 eq.) were dissolved in 1,4-dioxane (4 mL) and Et 3 N (3.0 eq.) was then added. Under stirring, the mixture was degassed by argon bubbling for 10 min and then heated at 80 C for 18 h. Aer cooling, the required (het)arylboronic acid (2.0 eq.), Na 2 CO 3 (5.0 eq.) in H 2 O (1 mL) and PdCl 2 (dppf)$CH 2H), 7.41 (d, J ¼ 7.8 Hz, 2H), 3H), 2H) 2H), 2H), 7.58 (dd, J ¼ 7.3, 2.3 Hz, 1H), 3H), 2H), 8.86 (d, J ¼ 7. (50 mg, 0.12 mmol, 1.0 eq.), using 6-methyl-3-pyridinyl boronic acid (25 mg, 0.18 mmol, 1.5 eq.) as coupling reagent and following the general procedure C, compound 27 was isolated by purication by ash chromatography on silica gel (petroleum ether : EtOAc, 4 : 6) as yellow solid (43 mg 
